background corrected, negative intensities were capped to zero, followed by the addition of an intensity constant of 10 to all probe intensities. Data were normalized using a quantile normalization algorithm as implemented in BASE and subsequently log2-transformed. Probes were re-annotated using the IlluminaHumanv4.db package and only probes flagged as Perfect ProbeQuality and annotated with a valid NCBI Gene ID were kept for further analyses. Gene level expression values were obtained by calculating the mean expression value for probes matching to the same Entrez identifier.
Additional data resources
Three microarray whole genome expression data sets of kidney tissues and RCCs were downloaded from the Gene Set Omnibus data repository (GEO; http://www.ncbi.nlm.nih.gov/geo/). The Jones (GEO: GSE15641) and Kort (GEO: GSE11024) data sets (Jones et al., 2005; Kort et al., 2008) contain normal kidney samples and a number of different renal neoplasms hybridized to Affymetrix HG-U133A and HG-U133 Plus 2 arrays, respectively. Raw data CEL-files were downloaded and normalized using the just.rma function in R package affy (Gautier et al., 2004) . For genes with multiple matching probes, the probe with highest standard deviation was kept for further analyses and the mean value for each gene was scaled to zero. The Wozniak data set (GEO: GSE40435), included clear cell renal tumors from 101 patients hybridized on Illumina HumanHT-12 v4.0 BeadChips (Wozniak et al., 2013) . The data was re-annotated using the illuminaHumanv4.db R package and only probes flagged as Perfect ProbeQuality were kept and probes mapping to the identical Gene IDs were merged based on mean expression. Genes were centered to their respective mean value over all samples.
The human-mouse kidney SAGE (HMKS) data contain SAGE libraries generated from micro-dissected segments of the human nephron (Cheval et al., 2012) . Tag counts were log2-transformed after adding an offset of 0.25 and the mean value for each gene was scaled to zero. RNASeq profiles of microdissected rat nephrons (Lee et al., 2015) were downloaded as supplemental files from the GEO database (GEO: GSE56743). PAseq RPKM values were log2 transformed after adding an offset of 1. Human gene orthologs were obtained using the biomaRt (Durinck et al., 2009 ) package in R. The Knepper rat nephron data comprise 110 RNA-Seq profiles of 15 different nephron segments.
For subsequent data analyses the mean value for samples within each nephron segment was used.
A number of gene signatures were used to calculate the relative sample-level gene signature scores. Three gene signatures were downloaded from the Broad Institute Molecular Signatures Database (MSigDB; http://www.broadinstitute.org/gsea/msigdb/index.jsp):
19 prototypical genes involved in inflammation (BIOCARTA INFLAM PATHWAY), 84 genes found upregulated in transplant biopsies following acute kidney rejection as compared to well-functioning transplants (FLECHNER BIOPSY KIDNEY TRANSPLANT REJECTED_VS_OK_UP) (Flechner et al., 2004) , and 283 genes associated with ageing kidney histology (RODWELL AGING KIDNEY NO BLOOD) (Rodwell et al., 2004) , respectively. The four signatures representing renal corticomedullary depth (used in Figures 1F and 1H ) were derived from 4 initial samples from our Illumina expression array data described above. Here, samples biopsied at four defined depths along the cortico-medullary axis in a kidney section: outer cortex, inner cortex, outer medulla and inner medulla. A gene was assigned to a kidney depth-specific signature if its expression was at least 3-fold higher than the mean expression in the other three samples. Samples were assigned a gene signature score by calculating the mean expression of all genes included in the respective gene signature. For genes within the Rodwell kidney-ageing signature that were negatively associated with kidney ageing, gene expression values were multiplied with -1.
Data analysis and visualization
Data analysis and visualization were carried out using the R software (http://www.r-project.org).
Hierarchical Cluster Analyses (HCA) and Principal Component Analyses (PCA) were performed using the hclust and prcomp functions within the stats package. For HCA, 1-Pearson correlation was used as distance measure and Ward's method was used for agglomeration. Consensus clustering was carried out using the ConsensusClusterPlus package (Wilkerson and Hayes, 2010) using default parameters except for using Ward's as linkage method and increasing the number of subsamples to 1000. QT clustering was performed using the flexclust package (Leisch, 2006) . Gene expression values were centered on their respective mean, kccaFamily parameter was set to angle, the number of repetitions was set to maximum, the radius set to 0.125 and the minimum gene cluster size was set to 10. One cluster, QT10, was highly expressed only in male patients and contained genes exclusively located on the Y-chromosome. This cluster was therefore removed from further analyses. Associations between sample annotations and principal components were determined using prince function in the swamp R package (Lauss et al., 2013) . Enrichment analyses were carried out using R packages DOSE (Yu et al., 2015) and clusterProfiler (Yu et al., 2012) . Enrichment terms were obtained from the Gene Ontology 
Human Protein Atlas screen of QT gene clusters
Immunohistochemical images of stained histological kidney sections were obtained from the Human Protein Atlas (HPA, www.proteinatlas.org; (Uhlen et al., 2015) . For genes within the QT cluster gene modules, histological images were downloaded and protein expression was scored for different parts of the nephron (glomerular, proximal, distal tubule, collecting duct, smooth muscle, endothelium or immune cells). A joint assessment for each antibody was made from all available images (1 to 3 images) and antibodies were assigned a score representing the overall staining quality to reflect variation in background staining intensities. If more than one antibody were available for one protein, the protein was assigned with the score from the antibody with the highest quality score. Proteins for which antibodies that showed similar quality, but that clearly stained different cell types, were excluded from analyses. Evaluation was performed blinded with respect to which QT cluster the gene belonged to. It should be noted that results from this analysis must be interpreted with care since histologic determination of nephron segments in kidney tissue is difficult and should ideally be performed on whole tissue sections and counterstained with a second antibody. Moreover, the core images obtained in the Protein Atlas are primarily obtained from cortical kidney tissues and are therefore suboptimal for analyses of purely medullary-expressed proteins. Results from the HPA scoring of QT genes are supplied in Table S2 .
ChIP-Seq tracks and gene promoter enrichment analysis
ChIP-Seq data for HIF2A and HIF1B in 786-O ccRCC cells (Salama et al., 2015) and Hnf4a in rat kidney tissue (Martovetsky et al., 2013; Veerla et al., 2010) were downloaded from the GEO repository (GEO: GSE67237, GSE50815). DNA motifs were analyzed with the SMART software (Veerla et al., 2010) using position weight matrices from TRANSFAC Professional (Matys et al., 2006) . In silico enrichment of transcription factor binding and motif presence was examined in the promoter sequence (-2000 to +2000 bp from the transcription start site). In silico enrichment of ChIP- Figure 5A . Red, high relative expression; blue, low expression. Of note, one subgroup of Notch pathway genes show a very high correlation to genes expressed by endothelial cells (PECAM1 and CD34), possibly reflecting the high relative load of blood vessels in ccRCCs and a low level in pRCC samples.
